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curved anchoring lamella is apparent to the researchers, ered much less glamorous and important than protein
crystallography. Extracting information from the rela-but perhaps most interesting of all is the observation
that an annulus of collagen fibers encircle the limbus. tively diffuse reflections arising from systems with short-
range order is difficult and time-consuming work. How-Meek and colleagues suggest that the change in orienta-
tion of the fibrils as they move toward the limbus ac- ever, as this paper shows, with perseverance immensely
useful information can be obtained. Hopefully, the publi-counts for the flattening of curvature of the cornea in
this region, and their finding of the circumferential ring cation of this paper will lead to a wider appreciation and
application of this approach.of fibrils at the limbus also provides a very elegant expla-
nation as to how the transition in curvature between the
cornea and sclera is achieved. Nigel J. Fullwood
It is difficult to overemphasize the importance of this Biological Sciences, IENS
work. The majority of corneal diseases result from dis- Lancaster University
ruption to the fibril arrangement in the corneal stroma. Lancaster LA1 4YQ
Most individuals will develop a refractive error at some United Kingdom
point in their lives, and the use of corrective refractive
Selected Readingsurgery is ever more popular and may well become the
norm in the future. The current leading corrective proce-
Aghamohammadzadeh, H., Newton, R.H., and Meek, K.M. (2004).dures include photorefractive keratectomy and laser in
Structure 12, this issue, 249–256.
situ keratomileusis, both of which involve the ablation
Birk, D.E. (2001). Micron 32, 223–237.
of corneal lamellae from the stroma. To date, these tech-
Daxer, A., and Fratzl, P. (1997). Invest. Ophthalmol. Vis. Sci. 38,
nologies have been improved and developed using a 121–129.
fairly empirical approach, largely because of the lack of Quantock, A.J., Meek, K.M., and Chakravarti, S. (2001). Invest. Oph-
information available on the orientation of collagen fibrils thalmol. Vis. Sci. 42, 1750–1756.
in the cornea. Consequently, to some extent, corneal Maurice, D.M. (1957). J. Physiol. 136, 263–286.
surgery is unpredictable and can result in over or under Meek, K.M., and Quantock, A.J. (2001). Prog. Ret. Eye Res. 20,
correction, or in the development of astigmatism (Melki 95–137.
and Azar, 2001). This key study should allow corneal Meek, K.M., Quantock, A.J., Boote, C., Liu, C.Y., and Kao, W.W.
(2003). Matrix Biol. 22, 467–475.surgeons to more accurately predict the outcome of
Melki, S.A., and Azar, D.T. (2001). Surv. Ophthalmol. 46, 95–116.incisions or ablations on different regions of the cornea.
Finally, fiber X-ray diffraction has always been consid- Newton, R.H., and Meek, K.M. (1998). Biophys. J. 75, 2508–2512.
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structural analysis of this polymorphism would shedAccessing Information on the
much-needed light on the molecular mechanism thatConformational Flexibility facilitates execution of a particular function. But how
are these flexible intermediate structures to be analyzedof Molecular Machines
and studied? More precisely, what experimental tech-
niques can capture an image of a megadalton flexible
complex and reveal its three-dimensional structure? The
Acquiring information to describe the conformational answer: certainly not many. In fact, three-dimensional
flexibility of molecular machines is necessary to un- cryo-electron microscopy (3D-cryoEM) is currently the
derstand their mechanics but is technically difficult to best technique available to access this information ex-
achieve. In this issue of Structure, Chiu and colleagues perimentally since it does not require specimens to be
effectively tackle this problem using 3D cryo-electron arranged in a periodic manner, which would be difficult
microscopy with impressive results. to achieve with mixtures of conformations, and it can
deal with very large complexes. However, common im-
age-processing approaches in the field do not work well
The Problem if the sample is polymorphic. Obviously, for 3D-cryoEM
At the heart of most biological processes, a molecular to deliver, the analytical methods have to be improved,
machine performs a given function or range of functions, which is precisely the topic of Chiu and coworkers’ con-
generally by orchestrating a range of interactions with tribution published in this issue (Brink et al., 2004).
different cofactors. Molecular machines, the orchestra The Prior Context in the Field of 3D-cryoEM
conductors, need to be physically flexible to accommo- A number of approaches to add the “flexibility” dimen-
date all the necessary interactions and so must exhibit sion to 3D-cryoEM studies have been considered. One
approach directly works at the level of sample prepara-a certain degree of polymorphism. Obviously, a detailed
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tion and tries to “freeze” a given conformational state in nature and on the researchers ability to filter out the
most relevant NMA information. True, the method could(Unwin, 1996). In this way, a limited range of polymor-
phism is sampled and, at the same time, linked to de- be implemented iteratively, and in this way an explora-
tion of a larger section of NMA space could be per-fined functional conditions. This is an extremely power-
ful approach provided, of course, that enough is known formed, although the basic problem of selecting a sub-
set of information from the total NMA output is stillabout the molecule in question to make it feasible. If
this is not the case but a 3D reconstruction of either a present. Of course, there is no way to overcome the
case of an incomplete NMA study. As a consequencesingle conformation or “the average” conformation can
be obtained, it is then possible to start a qualitative of these limitations, it is clearly necessary to comple-
“exploration” of the probable degrees of flexibility avail- ment the NMA-based approach outlined above, a key
able to the structure using a technique known as Normal research topic that is being actively pursued by a num-
Mode Analysis (NMA), as adapted to low-resolution data ber of leading laboratories.
in the range between 1 and 2 nanometers (Ming et al., There are seldom simple answers to complex ques-
2002a, 2002b; Tama et al., 2002). This technique has tions, and the question of how three-dimensional cryo-
been used in a number of cases (Tama et al., 2003; electron microscopy will handle structural flexibility in
Chaco´n et al., 2003), although its precise utility, qualita- a general way is complicated and challenging at almost
tive in a number of ways, remains to be demonstrated. every level from image acquisition to analysis. There is
The Breakthrough ample room for a fruitful collaboration among pattern
Indeed, the current contribution by Brink et al. provides recognition and image reconstruction experts, as well
a satisfying answer to this question and explicitly ad- as electron microscopists. Novel ways must be found
dresses some of the shortcomings of NMA: the authors to sort out tens or even hundreds of thousands of very
propose using NMA as a method to “suggest” possible noisy and instrument-degraded images into subsets,
degrees of flexibility and then using these suggestions each subset corresponding to a single structural confor-
to assess the experimental data and verify the extent mation, under conditions where the orientation of the
to which they can be confirmed. structure sampled in each image is not known a priori.
More precisely, the authors revise a previously deter- This current contribution represents a substantial step
mined three-dimensional structure of the fatty acid syn- in the right direction (more fairly, “one step plus,” since
thase (FAS) (Brink et al., 2002) by performing NMA. they also briefly present a general methodology without
Among all possible degrees of flexibility exhibited by using NMA) and should be embraced as a study that
FAS when subjected to this analysis, the authors select will serve as a stimulus for the 3D-cryoEM field as well
four conformations on the basis of a combination of as for the whole biological community. The promise of
previous knowledge about the enzyme and geometrical this work is nothing less than gaining access to new and
plausibility, focusing on rather large conformational exciting information directly related to conformational
changes. Indeed, the very process of selecting these changes of large macromolecular machines.
four conformations already indicates the strength and
the limits of NMA. NMA suggests many possible alterna-
Jose´ Marı´a Carazotive conformations, but which of them are real? Also,
National Center for Biotechnology CNB-CSICthere is no information on the extent of the conforma-
Campus Universidad Autonomational change since the information provided by NMA is
28023 Madridmostly about “trends” of changes, not defined changes.
SpainHow can NMA-derived data be used for this purpose?
Chiu and coworkers provide the first solid answer to
Selected Readingthis question—at this point their focus shifts from NMA
analysis to the original experimental data, and the au- Brink, J., Ludtke, S.J., Yang, C.Y., Gu, Z.W., Wakil, S.J., and Chiu,
thors describe a rigorous means by which to check W. (2002). Proc. Natl. Acd. Sci. USA 99, 138–143.
whether the changes suggested (and actually selected) Brink, J., Ludtke, S.J., Kong, Y., Wakil, S.J., Ma, J., and Chiu, W.
by NMA are indeed supported by the original data. The (2004). Structure 12, this issue, 185–191.
link with the original experimental image data is the key Chaco´n, P., Tama, F., and Wriggers, W. (2003). J. Mol. Biol. 326,
element here. 485–492.
The Future Ming, D., Kong, Y., Lambert, M.A., Huang, Z., and Ma, J. (2002a).
How far are we still from effectively handling flexibility by Proc. Natl. Acad. Sci. USA 99, 8620–8625.
3D-cryoEM? Chiu and colleagues propose a successful, Ming, D., Kong, Y., Wakil, S.J., Brink, J., and Ma, J. (2002b). Proc.
defined method to go from an initial 3D reconstruction Natl. Acad. Sci. USA 99, 7895–7899.
(obtained as an average structure over a number of Tama, F., Wriggers, W., and Brooks, C.L., 3rd. (2002). J. Mol. Biol.
321, 297–305.different conformations of a molecular machine) to a set
of reconstructions depicting a range of conformational Tama, F., Valle, M., Frank, J., and Brooks, C.L., 3rd. (2003). Proc.
Natl. Acad. Sci. USA 100, 9319–9323.changes. The limitations of this approach are clear; the
method relies on NMA to identify the flexibility that exists Unwin, N. (1996). J. Mol. Biol. 257, 586–596.
